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Description 

1. Field of the Invention 

[0001] The present invention relates generally to the 
field of electrosurgery and, more particularly, to surgical 
devices which employ high frequency voltage to cut and 
ablate tissue. 

[0002] The field of electrosurgery includes a number 
of loosely related surgical techniques which have in 
common the application of electrical energy to modify 
the structure or integrity of patient tissue. Electrosurgi- 
cal procedures usually operate through the application 
' of very high frequency currents to cut or ablate tissue 
structures, where the operation can be monopolar or bi- 
polar. Monopolar techniques rely on external grounding 
of the patient, where the surgical device defines only a 
single electrode pole. Bipolar devices comprise both 
electrodes for the application of current between their 
surfaces. 

[0003] Electrosurgical procedures and techniques 
are particularly advantageous since they generally re- 
duce patient bleeding and trauma associated with cut- 
ting operations. Additionally, electrosurgical ablation 
procedures, where tissue surfaces and volume may be 
reshaped, cannot be duplicated through other treatment 
modalities. 

[0004] Current electrosurgical devices and proce- 
dures, however, suffer from a number of disadvantages. 
For example, monopolar devices generally direct elec- 
tric current along a defined path from the exposed or 
active electrode through the patient's body to the return 
electrode, which is externally attached to a suitable lo- 
cation on the patient. This creates the potential danger 
that the electric current will flow through undefined paths 
in the patient's body, thereby increasing the risk of un- 
wanted electrical stimulation to portions of the patient's 
body. In addition, since the defined path through the pa- 
tients body has a relatively high impedance (because 
of the large distance or resistivity of the patient's body), 
large voltage differences must typically be applied be- 
tween the return and active electrodes in order to gen- 
erate a current suitable for ablation or cutting of the tar- 
get tissue. This current, however, may inadvertently flow 
along body paths having less impedance than the de- 
fined electrical path, which will substantially increase the 
current flowing through these paths, possibly causing 
damage to or destroying surrounding tissue. 
[0005] Bipolar electrosurgical devices have an inher- 
ent advantage over monopolar devices because the re- 
turn current path does not flow through the patient. In 
bipotar electrosurgical devices, both the active and re- 
turn electrode are typically exposed so that they may 
both contact tissue, thereby providing a return current 
path from the active to the return electrode through the 
tissue. One drawback with this configuration, however, 
is that the return electrode may cause tissue desiccation 
or destruction at its contact point with the patients tis- 



sue, in addition, the active and return electrodes are typ- 
ically positioned close together to ensure that the return 
current flows directly from the active to the return elec- 
trode. The close proximity of these electrodes generates 

5 the danger that the current will short across the elec- 
trodes, possibly impairing the electrical control system 
and/or damaging or destroying surrounding tissue. 
[0006] The use of electrosurgical procedures (both 
monopolar and bipolar) in electrically conductive envi- 

10 ronments can be further problematic. For example, 
many arthroscopic procedures require flushing of the re- 
gion to be treated with isotonic saline (also referred to 
as normal saline), both to maintain an isotonic environ- 
ment and to keep the field of viewing clear. The pres- 

15 ence of saline, which is a highly conductive electrolyte, 
can also cause shorting of the electrosurgical electrode 
in both monopolar and bipolar modes. Such shorting 
causes unnecessary heating in the treatment environ- 
ment and can further cause non-specific tissue destruc- 

20 tion. 

[0007] In response to the various problems associat- 
ed with electrosurgical procedures in electrically con- 
ductive environments, new methods and devices have 
been developed by the applicant. These methods and 

25 devices provide selective power delivery to the target 
tissue while minimizing power delivery to the surround- 
ing electrically conductive irrigant. These methods are 
particularly useful in isotonic saline filled body cavities, 
such as arthroscopic, urologic or gynecologic cavities. 

30 The irrigant flooded body cavity provides good visibility, 
facilitates the removal of bubbles or other debris, mini- 
mizes the possibility of air embolism and protects certain 
tissue from dehydration. Such methods and devices are 
more fully described in previously filed, commonly as- 

35 signed US-A-5366443 to which reference should be 
made. 

[0008] Many surgical procedures, such as oral, lapar- 
oscopic and open surgical procedures, are not per- 
formed with the target tissue submerged under an irrig- 

40 ant. In laparoscopic procedures, such as the resection 
of the gall bladder from the liver, for example, the ab- 
dominal cavity is pressurized with carbon dioxide (pneu- 
moperitoneum) to provide working space for the instru- 
ments and to improve the surgeon's visibility of the sur- 

45 gical site. Other procedures, such as the ablation of 
muscle or gingiva tissue in the mouth or the ablation and 
necrosis of diseased tissue, are also typically performed 
in a "dry" environment or field (i.e., not submerged under 
an electrically conducting irrigant). 

50 [0009] For these and other reasons, improved sys- 
tems and methods are desired for the electrosurgical 
ablation and cutting of tissue. These systems and meth- 
ods should be capable of providing a direct return cur- 
rent path from the active electrode, through the target 

55 site, to the return electrode to minimize the dangers of 
electrical current flowing through undefined paths in the 
patient's body. The system should also be configured to 
prevent contact between the return electrode and sur- 
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rounding tissue and to avoid current shorting between 
the active and return electrodes. Preferably, the system 
will be configured to apply high frequency voltage for the 
cutting and ablation of tissue in relatively dry environ- 
ments, such as those encountered in oral, laparoscopic 
and open surgical procedures. 

2. Description of the Background Art 

* 

[0010] Devices incorporating radio frequency elec- 
trodes for use in electrosurgical and electrocautery tech- 
niques are described in Rand et al. (1985) J. Arthro. 
Surg. 1:242-246 and U.S. Patent Nos. 5,281,216; 
4,943,290; 4,936,301; 4,593,691; 4,228,800; and 
4,202,337. U.S. Patent Nos. 4,943,290 and 4,036,301 
describe methods for injecting non-conducting liquid 
over the tip of a monopolar electrosurgical electrode to 
electrically isolate the electrode, while energized, from 
a surrounding electrically conducting irrigant. U.S. Pat- 
ent Nos. 5,195,959 and 4,674,499 describe monopolar 
and bipolar electrosurgical devices, respectively, that in- 
clude a conduit for irrigating the surgical site. 
[0011] US-A-53341 93 and WO-A-94/1 0924 disclose 
devices in which a cooling fluid is supplied to a probe. 
In particular, WO-A-10924 discloses a system as de- 
fined in the preamble of claim 1 . 

SUMMARY OF THE INVENTION 

[001 2] The invention is concerned generally with pro- 
viding an apparatus which allows the surgical team to 
perform electrosurgical interventions, such as ablation 
and cutting of body structures, without requiring the tis- 
sue to be submerged in an electrically conducting irrig- 
ant, such as isotonic saline. 

[0013] The apparatus of the present invention is par- 
ticularly useful for treating and shaping gingiva, for tis- 
sue dissection, e.g. separation of gall bladder from the 
liver, and ablation and necrosis of diseased tissue, such 
as tumors. 

[0014] The method of using the apparatus according 
to the present invention comprises positioning an elec- 
trosurgical probe adjacent the target tissue so that at 
least one active electrode is brought into at least partial 
contact or close proximity with the target site. Electrically 
conducting liquid, such as isotonic saline, is directed 
through a fluid path past a return electrode and to the 
target site to generate a current flow path between the 
target site and the return electrode. High frequency volt- 
age is then applied between the active and return elec- 
trode through the current flow path created by the elec- 
trically conducting liquid in either a bipolar or monopolar 
manner. The probe may then be translated, reciprocat- 
ed or otherwise manipulated to cut the tissue or effect 
the desired depth of ablation. 

[001 5] The above described method is particularly ef- 
fective in a dry environment (i.e., the tissue is not sub- 
merged in fluid), such as open, laparoscopic or oral sur- 



gery, because the electrically conducting liquid provides 
a suitable current flow path from the target site to the 
return electrode. The active electrode is preferably dis- 
posed at the distal end of the probe and the return elec- 
5 . trode is spaced from the active electrode and enclosed 
within an insulating sheath. This prevents exposure of 
the return electrode to surrounding tissue and minimizes 
possible shorting of the current between the active and 
return electrodes. In oral procedures, the probe may be 
10 introduced directly into the cavity of the open mouth so 
that the active electrode is positioned against gingival 
or mucosal tissue. In laparoscopic procedures, the 
probe will typically be passed through a conventional 
trocar cannula while viewing of the operative site is pro- 
fs vided through the use of a laparoscope disposed in a 
separate cannula. 

[001 6] The apparatus according to the present inven- 
tion is set out in Claim 1 . It comprises an electrosurgical 
probe having a shaft with a proximal end, a distal end, 

20 and an active electrode near the distal end. A connector 
is provided near the proximal end of the shaft for elec- 
trically coupling the active electrode to a high frequency 
voltage source. A return electrode coupled to the volt- 
age source is spaced a sufficient distance from the ac- 

25 tive electrode to substantially avoid or minimize current 
shorting therebetween and to shield the return electrode 
from tissue. The return electrode may be mounted on 
the shaft of the probe or it may be separate from the 
shaft (e.g., on a liquid supply instrument). In both cases, 

30 the return electrode may define an inner passage for 
flow of electrically conducting liquid therethrough. The 
liquid is directed through the return electrode and over 
the active electrode to thereby provide a return current 
flow path between the tissue target site and the return 

35 electrode. 

[0017] In a preferred embodiment of the invention, the 
active electrode comprises an electrode array having a 
plurality of electrically isolated electrode terminals dis- 
posed over a contact surface, which may be a planar or 

40 non-planar surface and which may be located at the dis- 
tal tip or over a lateral surface of the shaft, or over both 
the tip and lateral surface(s). The electrode array will 
include at least two and preferably more electrode ter- 
minals, and may further comprise a temperature sensor. 

45 In a preferred aspect, each electrode terminal will be 
connected to the proximal connector by an electrically 
isolated conductor disposed within the shaft. The con- 
ductors permit independent electrical coupling of the 
electrode terminals to a high frequency power supply 

so and control system with optional temperature monitor 
for operation of the probe. The control system preferably 
incorporate active and/or passive current limiting struc- 
tures, which are designed to limit current flow when the 
associated electrode terminal is in contact with a low re- 

55 sistance return path back to the return electrode. 

[0018] The use of such electrode arrays in electrosur- 
gical procedures is particularly advantageous as ft has 
been found to limit the depth of tissue necrosis without 
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substantially reducing power delivery and ablation 
rates. The voltage applied to each electrode terminal 
causes electrical energy to be imparted to any body 
structure which is contacted by, or comes into close 
proximity with, the electrode terminal, where a current 
flow through all low electrical impedance paths is pref- 
erably but not necessarily limited. It will be appreciated 
that such low impedance paths generally occur when an 
electrode terminal does not contact or come into close 
proximity with the body structure, but rather is in contact 
with a low impedance environment, such as the saline, 
or other electrolyte being introduced past the return 
electrode. The presence of an electrolyte provides a rel- 
atively low impedance path back to the common or re- 
turn electrode. 

[0019] The apparatus of the present invention pro- 
vides a number of advantages, particularly in respect to 
the ablation or cutting of tissue. The ability to control cur- 
rent flow through individual electrode terminals minimiz- 
es power dissipation into the surrounding medium. Lim- 
ited power dissipation, in turn, permits the use of elec- 
trolytic irrigants, such as isotonic saline, to create a cur- 
rent flow path between the active electrode terminals 
and the return electrode. The isotonic saline may also 
be used to simultaneously irrigate the surgical site, 
which provides a number of well know physiological ad- 
vantages. In addition, the ability to operate in a bipolar 
or quasi-bipolar mode reduces the risk of unwanted 
electrical stimulation from return current flowing through 
the patient's body, which can cause muscle spasms and 
can limit the depth of tissue necrosis during ablative re- 
section. 

[0020] A further understanding of the nature and ad- 
vantages of the invention will become apparent by ref- 
erence to the remaining portions of the specification and 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

r 

[0021] 

Fig. 1 is a perspective view of the electrosurgical 
system including an electrosurgical probe, an elec- 
trically conducting liquid supply and an electrosur- 
gical power supply constructed in accordance with 
the principles of the present invention; 
Fig. 2A is an enlarged, cross-sectional view of the 
distal tip of the electrosurgical probe of Fig. 1 illus- 
trating an electrode arrangement suitable for rapid 
cutting and ablation of tissue structures; 
Fig. 2B is an enlarged end view of the distal tip of 
the electrosurgical probe of Fig. 1 ; 
Fig. 2C is a cross-sectional view of the proximal end 
of the electrosurgical probe, illustrating an arrange- 
ment for coupling the probe to the electrically con- 
ducting liquid supply of Fig. 1 ; 
Fig. 3 is a detailed cross-sectional view of an alter- 
native embodiment of the electrosurgical probe of 



Rg. 1 ; 

Fig. 4 is an end view of the distal end of the elec- 
trosurgical probe of Fig. 3; 
Fig. 5 is an end view of an another embodiment of 

5 the electrosurgical probe of Fig. 1 ; 

Fig. 6 is a partial cross-sectional side view of a fur- 
ther embodiment of the electrosurgical probe with 
the electrode array disposed transversely to the ax- 
is of the probe; 

10 Rg. 7 is a partial front cross-sectional view of an 
electrosurgical probe and an electrically conductive 
liquid supply shaft illustrating use of the probe and 
the shaft in ablating target tissue; 
Fig. 8 is an enlarged, cross-sectional view of the dis- 

15 tal tip of yet another embodiment of the electrosur- 
gical probe of Fig. 1 ; 

Fig. 9 is a detailed end view of the probe of Fig. 8; 
Fig. 10 is a side view of an electrosurgical probe 
having a shaft with an angled distal portion; 
so Fig. 11 is a side view of an electrosurgical probe 
having a shaft with a perpendicular distal portion; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

[0022] There will now be described an apparatus (and 
corresponding method) for selectively applying electri- 
cal energy to a target location within a patient's body, 
such as solid tissue or the like, particularly including gin- 
30 gival tissues and mucosal tissues located in the mouth. 
In addition, tissues which may be treated by the system 
(and method) to be described include tumors, abnormal 
tissues, and the like. For convenience, the remaining 
disclosure will be directed specifically to the cutting, 
35 shaping or ablation of gingival or mucosal tissue in oral 
surgical procedures, but it will be appreciated that the 
system (and method) can be applied equally well to pro- 
cedures involving other tissues of the body, as well as 
to other procedures including open surgery, laparoscop- 
ic ic surgery, thoracoscopic surgery, and other endoscopic 
surgical procedures. 

[0023] The embodiment to be described uses an elec- 
trode array including a plurality of independently cur- 
rent-limited and/or power-controlled electrode terminals 

45 distributed over a distal contact surface of a probe to 
apply electrical energy selectively to the target tissue 
while limiting the unwanted application of electrical en- 
ergy to the surrounding tissue and environment result- 
ing from power dissipation into surrounding electrically 

so conductive liquids, such as blood, normal saline, and the 
like. 

[0024] The electrosurgical probe will comprise a shaft 
having a proximal end and a distal end which supports 
an electrode array near its distal end. The shaft may as- 
55 sume a wide variety of configurations, with the primary 
purpose being to mechanically support the electrode ar- 
ray and permit the treating physician to manipulate the 
array from a proximal end of the shaft. Usually, the shaft 
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will be a narrow-diameter rod or tube, more usually hav- 
ing dimensions which permit it to be introduced into a 
body cavity, such as the mouth or the abdominal cavity, 
through an associated trocar or cannula in a minimally 
invasive procedure, such as arthroscopic, laparoscopic, 
thoracoscope, and other endoscopic procedures. Thus, 
the shaft will typically have a length of at least 5cm for 
oral procedures and at least 1 0 cm, more typically being 
20 cm, or longer for endoscopic procedures. The shaft 
will typically have a diameter of at least 1 mm and fre- 
quently in the range from 1 to 10 mm. The shaft may be 
rigid or flexible, with flexible shafts optionally being com- 
bined with a generally rigid external tube for mechanical 
support. Flexible shafts may be combined with pull 
wires, shape memory actuators, and other known mech- 
anisms for effecting selective deflection of the distal end 
of the shaft to facilitate positioning of the electrode array. 
The shaft will usually include a plurality of wires or other 
conductive elements running axially therethrough to 
permit connection of the electrode array to a connector 
at the proximal end of the shaft. Specific shaft designs 
will be described in detail in connection with the figures 
hereinafter. 

[0025] The circumscribed area of the electrode array 
is in the range from 0.25 mm 2 to 75 mm 2 , preferably 
from 0.5 mm 2 to 40 mm 2 , and will usually include at least 
two isolated electrode terminals, more usually at least 
four electrode terminals, preferably at least six electrode 
terminals, and often 50 or more electrode terminals, dis- 
posed over the distal contact surfaces on the shaft. By 
bringing the electrode array(s) on the contact surface(s) 
against or in dose proximity with the target tissue and 
applying high frequency voltage between the array(s) 
and an additional common or return electrode in direct 
or indirect contact with the patient's body, the target tis- 
sue is selectively ablated or cut, permitting selective re- 
moval of portions of the target tissue while desirably 
minimizing the depth of necrosis to surrounding tissue. 
In particular, this technique provides a method and ap- 
paratus for effectively ablating and cutting tissue which 
maybe located in close proximity to othercritical organs, 
vessels or structures (e.g., teeth, bone) by simultane- 
ously (1) causing electrically conducting liquid to flow 
between the common and active electrodes, (2) apply- 
ing electrical energy to the target tissue surrounding and 
immediately adjacent to the tip of the probe, (3) bringing 
the active electrode(s) in contact or close proximity with 
the target tissue using the probe itself, and (4) optionally 
moving the electrode array axialiy and/or transversely 
over the tissue. 

[0026] Each individual electrode terminal in the elec- 
trode array is electrically Insulated from ail other elec- 
trode terminals in the array within said probe and is con- 
nected to a power source which is isolated from each of 
the other electrodes in the array or to circuitry which lim- 
its or interrupts current flow to the electrode when low 
resistivity material (e.g., blood or electrically conductive 
saline irrigant) causes a lower impedance path between 



the common electrode and the individual electrode ter- 
minal. The isolated power sources for each individual 
electrode may be separate power supply circuits having 
internal impedance characteristics which limit power to 

s the associated electrode terminal when a low imped- 
ance return path is encountered, may be a single power 
source which is connected to each of the electrodes 
through independently actuatable switches or may be 
provided by independent current limiting elements, such 

10 as inductors, capacitors, resistors and/or combinations 
thereof. 

[0027] The tip region of the probe is thus composed 
of many independent electrode terminals designed to 
deliver electrical energy in the vicinity of the tip. The se- 

15 lective application of electrical energy to of the target 
tissue is achieved by connecting each individual elec- 
trode terminal and the common electrode to a power 
source having independently controlled or current limit- 
ed channels. The common electrode may be a tubular 

20 member of conductive material proximal to the electrode 
array at the tip which also serves as a conduit for the 
supply of the electrically conducting liquid between the 
active and common electrodes. The application of high 
frequency voltage between the common electrode and 

25 the electrode array results in the generation of high elec- 
tric field intensities at the distal tips of the electrodes with 
conduction of high frequency current from each individ- 
ual electrode terminal to the said common electrode. 
The current flow from each Individual electrode terminal 

so to the common electrode is controlled by either active 
or passive means, or a combination thereof, to deliver 
electrical energy to the target tissue while minimizing 
energy delivery to surrounding (non-target) tissue and 
any conductive fluids which may be present (e.g. , blood, 

35 electrolytic irrigants such as saline, and the like). 

[0028] In a preferred aspect, this technique takes ad- 
vantage of the differences in electrical resistivity be- 
tween the target tissue (e.g., gingiva, muscle, fascia, tu- 
mor or other connective tissue) and the surrounding 

40 conductive liquid (e.g., isotonic saline irrigant). By way 
of example, for any selected level of applied voltage, if 
the electrical conduction path between the common 
electrode and one of the individual electrode terminals 
within the electrode array is isotonic saline irrigant liquid 

45 (having a relatively low electrical impedance), the cur- 
rent control means connected to the individual electrode 
will limit current flow so that the heating of intervening 
conductive liquid is minimized. On the other hand, if a 
portion of or all of the electrical conduction path between 

50 the common electrode and one of the individual elec- 
trode terminals within the electrode array is gingival tis- 
sue (having a relatively higher electrical impedance), 
the current control circuitry or switch connected to the 
individual electrode will allow current flow sufficient for 

55 the deposition of electrical energy and associated abla- 
tion or electrical breakdown of the target tissue in the 
immediate vicinity of the electrode surface. 
[0029] The application of a high frequency voltage be- 
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tween the common or return electrode and the electrode 
array for appropriate time intervals effects ablation, cut- 
ting or reshaping of the target tissue. The tissue volume 
over which energy is dissipated (i.e., a high voltage gra- 
dient exists) may be precisely controlled, for example, 
by the use of a multiplicity of small electrodes whose 
effective diameters range from about 2 mm to 0.01 mm, 
preferably from about 1 mm to 0.05 mm, and more pref- 
erably from about 0.5 mm to 0.1 mm. Electrode areas 
for both circular and non-circular terminals will have a 
contact area (per electrode) below 5 mm 2 , preferably 
being in the range from 0.0001 mm 2 to1 mm 2 , and more 
preferably from 0.005 mm 2 to 0.5 mm 2 . The use of small 
diameter electrode terminals increases the electric field 
intensity and reduces the extent or depth of tissue 
necrosis as a consequence of the divergence of current 
flux lines which emanate from the exposed surface of 
each electrode terminal. Energy deposition in tissue suf- 
ficient for irreversible damage (i.e., necrosis) has been 
found to be limited to a distance of about one-half to one 
electrode diameter. This is a particular advantage over 
prior electrosurgical probes employing single and/or 
larger electrodes where the depth of tissue necrosis 
may not be sufficiently limited. 
[0030] In previous electrosurgical devices, increased 
power application and ablation rates have been 
achieved by increasing the electrode area. Surprisingly, 
it has been found that the total electrode area can be 
increased (to increase power delivery and ablation rate) 
without increasing the depth of necrosis by providing 
multiple small electrode terminals. Preferably, the elec- 
trode terminals will be spaced-apart by a distance in the 
range from about one-half diameter to one diameter for 
optimum power delivery, as discussed below. The depth 
of necrosis may be further controlled by switching the 
applied voltage off and on to produce pulses of current, 
the pulses being of sufficient duration and associated 
energy density to effect ablation and/or cutting while be- 
ing turned off for periods sufficiently long to allow for 
thermal relaxation between energy pulses. In this man- 
ner, the energy pulse duration and magnitude and the 
time interval between energy pulses are selected to 
achieve efficient rates of tissue ablation or cutting while 
allowing the temperature of the treated zone of tissue to 
"relax" or return to normal physiologic temperatures 
(usually to within 10°C of normal body temperature 
[37°C], preferably to within 5°C) before the onset of the 
next energy (current) pulse. 

[0031] The rate of energy delivery to the target tissue 
is controlled by the applied voltage level and duty cycle 
of the voltage pulse. The use of high frequency current 
minimizes induced stimulation of muscle tissue or nerve 
tissue in the vicinity of the body structure being treated. 
In addition, high frequencies minimize the risk of inter- 
fering with the natural pacing of the heart in circumstanc- 
es where the probe of the present invention is used near 
the heart. 

[0032] The power applied to the common electrode 



and the electrode array will be at high or radio frequency, 
typically between about 20 kHz and 20 MHz, usually be- 
ing between about 30 kHz and 2 MHz, and preferably 
being between about 50 kHz and 400 kHz. The RMS 

s (root mean square) voltage applied wilt usually be in the 
range from about 5 volts to 1 000 volts, preferably being 
in the range from about 50 volts to 800 volts, and more 
preferably being in the range from about 1 0 volts to 500 
volts. Usually, the current level will be selectively limited 

io or controlled and the voltage applied will be independ- 
ently adjustable, frequently in response to the resist- 
ance of tissues and/or fluids in the pathway between an 
individual electrode and the common electrode. Also, 
the applied current level may be in response to a tem- 

15 perature control means which maintains the target tis- 
sue temperature with desired limits at the interface be- 
tween the electrode arrays and the target tissue. The 
desired surface temperature along a propagating sur- 
face just beyond the region of ablation will usually be in 

20 the range from about 40°C to 1 00°C, and more usually 
from about 50°C to 60°C. The tissue being ablated im- 
mediately adjacent the electrode array may reach even 
higher temperatures. 

[0033] The preferred power source delivers a high fre- 
25 quency current selectable to generate average power 
levels ranging from tens of milliwatts to tens of watts per 
electrode, depending on the target tissue being ablated, 
the rate of ablation desired or the maximum allowed 
temperature selected for the probe tip. The power 
30 source allows the user to select the current level accord- 
ing to the specific requirements of a particular oral sur- 
gery, open surgery or other endoscopic surgery proce- 
dure. 

[0034] The power source will be current limited or oth- 
35 erwise controlled so that undesired heating of electrical- 
ly conductive fluids or other low electrical resistance me- 
dia does not occur. In a presently preferred embodiment 
of the present invention, current limiting inductors are 
placed in series with each independent electrode termi- 
40 nal, where the inductance of the inductor is in the range 
of 20uH to 5000uH, depending on the electrical proper- 
ties of the target tissue, the desired ablation rate and 
the operating frequency. Alternatively, capacitor- induc- 
tor (LC) circuit structures may be employed, as de- 
45 scribed previously in PCT publication No. WO-A- 
94/26228. Additionally, current limiting resistors may be 
selected having a large positive temperature coefficient 
of resistance so that, as the current level begins to rise 
for any individual electrode in contact with a low resist- 
so ance medium (e.g., saline irrigant), the resistance of the 
current limiting resistor increases significantly, thereby 
minimizing the power delivery from said electrode into 
the low resistance medium (e.g., saline irrigant). 
[0035] As an alternative to such passive circuit struc- 
55 tures, regulated current flow to each electrode terminal 
may be provided by a multi-channel power supply. A 
substantially constant current level for each individual 
electrode terminal within a range which will limit power 
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delivery through a low resistance path, e.g., isotonic sa- 
line irrigant, would be selected by the user to achieve 
the desired rate of cutting or ablation. Such a multi-chan- 
nel power supply thus provides a substantially constant 
current source with selectable current level in series with 
each electrode terminal, wherein all electrodes wilt op- 
erate at or below the same, user selectable maximum 
current level. Current flow to ail electrode terminals 
could be periodically sensed and stopped if the temper- 
ature measured at the surface of the electrode array ex- 
ceeds user selected limits. Particular control system de- 
signs for implementing this strategy are well within the 
skill of the art. 

[0036] Yet another alternative involves the use of one 
or several power supplies which allow one or several 
electrodes to be simultaneously energized and which in- 
clude active control means for limiting current levels be- 
low a preselected maximum level. In this arrangement, 
only one or several electrodes would be simultaneously 
energized for a brief period. Switching means would al- 
low the next one or several electrodes to be energized 
for a brief period. By sequentially energizing one or sev- 
eral electrodes, the interaction between adjacent elec- 
trodes can be minimized (for the case of energizing sev- 
eral electrodes positioned at the maximum possible 
spacing within the overall envelope of the electrode ar- 
ray) or eliminated (for the case of energizing only a sin- 
gle electrode at any one time). As before, a resistance 
measurement means may be employed for each elec- 
trode prior to the application of power wherein a (meas- 
ured) low resistance (below some preselected level) will 
prevent that electrode from being energized during giv- 
en cycle. By way of example, the sequential powering 
and control scheme would function in a manner similar 
to an automobile distributor. In this example, an electri- 
cal contact rotates past terminals connected to each 
spark plug. In this example, each spark plug corre- 
sponds to the exposed surface of each of the electrodes. 
In addition, this technique may include means to meas- 
ure the resistance of the medium in contact with each 
electrode and cause voltage to be applied only if the re- 
sistance exceeds a preselected level. 
[0037] The electrode array is formed over a contact 
surface on the shaft of the electrosurgical probe. The 
common (return) electrode surface will be recessed rel- 
ative to the distal end of the probe and may be recessed 
within the conduit provided for the introduction of elec- 
trically conducting liquid to the site of the target tissue 
and array of active electrodes. In the exemplary embod- 
iment, the shaft will be cylindrical over most of its length, 
with the contact surface being formed at the distal end 
of the shaft. In the case of laparoscopic or endoscopic 
applications, the contact surface may be recessed since 
it helps protect and shield the electrode terminals on the 
surface while they are being introduced, particularly 
while being introduced through the working channel of 
a trocar channel or a viewing scope. 
[0038] The area of the contact surface can vary wide- 



ly, and the contact surface can assume a variety of ge- 
ometries, with particular areas in geometries being se- 
lected for specific applications. Electrode array contact 
surfaces can have areas in the range from 0.25 mm 2 to 

s 50 mm 2 , usually being from 1 mm 2 to 20 mm 2 . The ge- 
ometries can be planar, concave, convex, hemispheri- 
cal, conical, or virtually any other regular or irregular 
shape. Most commonly, the electrode arrays will be 
formed at the distal tip of the electrosurgical probe shaft, 

10 frequently being planar, disk-shaped, or hemispherical 
surfaces for use in reshaping procedures or being linear 
arrays for use in cutting. Alternatively or additionally, the 
electrode arrays may be formed on lateral surfaces of 
the electrosurgical probe shaft (e.g., in the manner of a 

15 spatula), facilitating access to certain body structures in 
electrosurgical procedures. 

[0039] Referring to the drawings in detail, wherein like 
numerals indicate like elements, an electrosurgical sys- 
tem 11 is shown constructed according to the principles 

20 of the present invention. Electrosurgical system 1 1 gen- 
erally comprises an electrosurgical probe 1 0 connected 
to a power supply 28 for providing high frequency volt- 
age to a target tissue 52 and a liquid source 21 for sup- 
prying electrically conducting fluid 50 to probe 10. 

25 [0040] In an exemplary embodiment as shown in Fig. 
1 , electrosurgical probe 1 0 includes an elongated shaft 
1 3 which may be flexible or rigid, with flexible shafts op- 
tionally including support cannulas or other structures 
(not shown). Probe 10 includes a connector 19 at its 

30 proximal end and an array 1 2 of electrode terminals 58 
disposed on the distal tip of shaft 1 3. A connecting cable 
34 has a handle 22 with a connector 20 which can be 
removably connected to connector 1 9 of probe 10. The 
proximal portion of cable 34 has a connector 26 to cou- 

35 pie probe 1 0 to power supply 28. The electrode termi- 
nals 58 are electrically isolated from each other and 
each of the terminals 58 is connected to an active or 
passive control network within power supply 28 by 
means of a plurality of individually insulated conductors 

40 42 (see Fig. 2a). Power supply 28 has a selection means 
30 to change the applied voltage level. Power supply 28 
also includes means for energizing the electrodes 58 of 
probe 1 0 through the depression of a pedal 39 in a foot 
pedal 37 positioned close to the user. The foot pedal 37 

45 may also include a second pedal (not shown) for re- 
motely adjusting the energy level applied to electrodes 
58. The specific design of a power supply which may be 
used with the electrosurgical probe of the present inven- 
tion is described in WO-A- 94/26228. 

so [0041] Referring to Figs. 2A and 2B, the electrically 
isolated electrode terminals 58 are spaced-apart over 
an electrode array surface 82. The electrode array sur- 
face 82 and individual electrode terminals 58 will usually 
have dimensions within the ranges set forth above. In 

55 the preferred embodiment, the electrode array surface 
82 has a circular cross-sectional shape with a diameter 
D (Fig. 2B) in the range from 1 mm to 10 mm. Electrode 
array surface 82 may also have an oval shape, having 
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a length L in the range of 1 mm to 20 mm and a width 
W in the range from 0.5 mm to 7 mm, as shown in Fig. 
5. The individual electrode terminals 58 will protrude 
over the electrode array surface 82 by a distance (H) 
from 0 mm to 2 mm, preferably from 0 mm to 1 mm (see 
Fig. 3). As described above, electrode terminals which 
are flush with the surface, or protrude by a minimum dis- 
tance, will provide less aggressive ablation and are par- 
ticularly suitable for smoothing of treated tissue surfaces 
and providing hemostasis to inhibit or prevent bleeding 
of treated surfaces. 

[0042] The electrode terminals 58 are preferably com- 
posed of a refractory, electrically conductive metal or al- 
loy, such as platinum, platinum alloys, titanium, titanium 
alloys and the like. Platinum is the preferred choice for 
electrode terminal material since it is biocompatible, has 
a low erosion rate, and can be readily fabricated and 
attached to conductors 42 within the shaft 1 3 of electro- 
surgical probe 10. As shown in Fig. 2B, the electrode 
terminals 58 are anchored in a support matrix 48 of suit- 
able insulating material (e.g., ceramic or glass material, 
such as alumina, zirconia and the like) which could be 
formed at the time of manufacture in a flat, hemispher- 
ical or other shape according to the requirements of a 
particular procedure. The preferred support matrix ma- 
terial is alumina, available from Kyocera Industrial Ce- 
ramics Corporation, Elkgrove, Illinois, because of its 
high thermal conductivity, good electrically insulative 
properties, high flexural modulus, resistance to carbon 
tracking, biocompatibility, and high melting point. 
[0043] As shown in Fig. 2A, the support matrix 48 is 
adhesively joined to a tubular support member 78 that 
extends most or all of the distance between matrix 48 
and the proximal end of probe 10. Tubular member 78 
preferably comprises an electrically insulating material, 
such as an epoxy or silicone-based material. In a pre- 
ferred construction technique, electrode terminals 58 
extend through pre-formed openings in the support ma- 
trix 48 so that they protrude above electrode array sur- 
face 82 by the desired distance H (Fig. 3). The elec- 
trodes are then bonded to the distal surface 82 of sup- 
port matrix 48, typically by an inorganic sealing material 
80. Sealing material 80 is selected to provide effective 
electrical insulation, and good adhesion to both the alu- 
mina matrix 48 and the platinum or titanium electrode 
terminals. Sealing material 80 additionally should have 
a compatible thermal expansion coefficient and a melt- 
ing point well below that of platinum or titanium and alu- 
mina or zirconia, typically being a glass or glass ceram- 
ic. 

[0044] In the embodiment shown in Figs. 2A and 2B, 
probe 10 includes a return electrode 56 for completing 
the current path between electrode terminals 58 and 
power supply 28. Return electrode 56 is preferably an 
annular member positioned around the exterior of shaft 
1 3 of probe 1 0. Return electrode 56 may fully or partially 
circumscribe tubular support member 78 to form an an- 
nular gap 54 therebetween for flow of electrically con- 



ducting liquid 50 therethrough, as discussed below. Gap 
54 preferably has a width in the range of 0.25 mm to 4 
mm. Return electrode 56 extends from the proximal end 
of probe 1 0, where it is suitably connected to power sup- 
s ply 28 via connectors 19, 20, to a point slightly proximal 
of electrode array surface 82, typically about 1 mm to 1 0 
mm. 

[0045] Return electrode 56 is disposed within an elec- 
trically insulative jacket 1 8, which is typically formed as 

10 one or more electrically insulative sheaths or coatings, 
such as polytetrafluoroethylene, polyamide, and the 
like. The provision of the electrically insulative jacket 18 
over return electrode 56 prevents direct electrical con- 
tact between return electrode 56 and any adjacent body 

15 structure. Such direct electrical contact between a body 
structure (e.g., tendon) and an exposed common elec- 
trode member 56 could result in unwanted heating and 
necrosis of the structure at the point of contact causing 
necrosis. 

20 [0046] Return electrode 56 is preferably formed from 
an electrically conductive material, usually metal, which 
is selected from the group consisting of stainless steel, 
platinum or its alloys, titanium or its alloys, molybdenum 
or its alloys, and nickel or its alloys. The return electrode 

25 56 may be composed of the same metal or alloy which 
forms the electrode terminals 58 to minimize any poten- 
tial for corrosion or the generation of electrochemical po- 
tentials due to the presence of dissimilar metals con- 
tained within an electrically conductive fluid 50, such as 

30 isotonic saline (discussed in greater detail below). 
[0047] As shown in Fig. 2A, return electrode 56 is not 
directly connected to electrode terminals 58. To com- 
plete this current path so that terminals 58 are electri- 
cally connected to return electrode 56 via target tissue 

35 52, electrically conducting liquid 50 (e.g., isotonic sa- 
line) is caused to flow along liquid paths 83. Liquid paths 
83 are formed by annular gap 54 between outer return 
electrode 56 and tubular support member 78 and an in- 
ner lumen 57 within an inner tubular member 59. The 

40 electrically conducting liquid 50 flowing through fluid 
paths 83 provides a pathway for electrical current flow 
between target tissue 52 and return electrode 56, as il- 
lustrated by the current flux lines 60 in Fig. 2A. When a 
voltage difference is applied between electrode array 1 2 

45 and return electrode 56, high electric field intensities will 
be generated at the distal tips of terminals 58 with cur- 
rent flow from array 12 through the target tissue to the 
return electrode, the high electric field intensities caus- 
ing ablation of tissue 52 in zone 88. 

so [0048] Figs. 2C, 3 and 4 illustrate an alternative em- 
bodiment of electrosurgical probe 1 0 which has a return 
electrode 55 positioned within tubular member 78. Re- 
turn electrode 55 is preferably a tubular member defin- 
ing an inner lumen 57for allowing electrically conducting 

55 liquid 50 (e.g., isotonic saline) to flow therethrough in 
electrical contact with return electrode 55. In this em- 
bodiment, a voltage difference is applied between elec- 
trode terminals 58 and return electrode 55 resulting in 
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electrical current flow through the electrically conducting 
liquid 50 as shown by current flux lines 60 (Fig. 3). As a 
result of the applied voltage difference and concomitant 
high electric field intensities at the tips of electrode ter- 
minals 58, tissue 52 becomes ablated or transected in 
zone 88. 

[0049] Fig. 2C illustrates the proximal or connector 
end 70 of probe 1 0 in the embodiment of Figs. 3 and 4. 
Connector 1 9 comprises a plurality of individual connec- 
torpins 74 positioned within a housing 72 atthe proximal 
end 70 of probe 10. Electrode terminals 58 and the at- 
tached insulating conductors 42 extend proximally to 
connector pins 74 in connector housing 72. Return elec- 
trode 55 extends into housing 72, where it bends radially 
outward to exit probe 10. As shown in Figs. 1 and 2C, 
a liquid supply tube 15 removably couples liquid source 
21 , (e.g., a bag of fluid elevated above the surgical site 
or having a pumping device), with return electrode 55. 
Preferably, an insulating jacket 14 covers the exposed 
portions of electrode 55. One of the connector pins 76 
is electrically connected to return electrode 55 to couple 
electrode 55 to power supply 28 via cable 34. A manual 
control valve 1 7 may also be provided between the prox- 
imal end of electrode 55 and supply tube 1 5 to allow the 
surgical team to regulate the flow of electrically conduct- 
ing liquid 50. 

[0050] Fig. 6 illustrates another embodiment of probe 
10 where the distal portion of shaft 13 is bent so that 
electrode terminals extend transversely to the shaft. 
Preferably, the distal portion of shaft 1 3 is perpendicular 
to the rest of the shaft so that electrode array surface 
82 is generally parallel to the shaft axis, as shown in Fig. 
6. In this embodiment, return electrode 55 is mounted 
to the outer surface of shaft 13 and is covered with an 
electrically insu lating jacket 1 8. The electrically conduct- 
ing fluid 50 flows along flow path 83 through return elec- 
trode 55 and exits the distal end of electrode 55 at a 
point proximal of electrode surface 82. The fluid is di- 
rected exterior of shaft to electrode surface 82 to create 
a return current path from electrode terminals 58, 
through target tissue 52, to return electrode 55, as 
shown by current flux lines 60. 
[0051] Fig. 7 illustrates another embodiment of the in- 
vention where electrosurgical system 11 further in- 
cludes a liquid supply instrument 64 for supplying elec- 
trically conducting fluid 50 between electrode terminals 
58 and return electrode 55. Liquid supply instrument 64 
comprises an inner tubular member or return electrode 
55 surrounded by an electrically insulating jacket 18. 
Return electrode 55 defines an inner passage 83 for flow 
of fluid 50. As shown in Fig. 7, the distal portion of in- 
strument 64 is preferably bent so that liquid 50 is dis- 
charged at an angle with respect to instrument 64. This 
allows the surgical team to position liquid supply instru- 
ment 64 adjacent electrode surface 82 with the proximal 
portion of supply instrument 64 oriented at a similar an- 
gle to probe 1 0. 

[0052] Figs. 8 and 9 illustrate another embodiment of 
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probe 10 where the return electrode is an outer tubular 
member 56 that circumscribes support member 78 and 
conductors 42. Insulating jacket 18 surrounds tubular 
member 56 and is spaced from member 56 by a plurality 

s of longitudinal ribs 96 to define an annular gap 54 ther- 
ebetween (Fig. 9). Annular gap preferably has a width 
in the range of 0.25 mm to 4 mm. Ribs 96 can be formed 
on either the jacket 1 8 or member 56. The distal end of 
return electrode 56 is a distance L 1 from electrode sur- 

10 face 82. Distance L 1 is preferably about 0.5 to 10 mm 
and more preferably about 1 to 10 mm. 
[0053] As shown in Fig. 8, electrically conducting liq- 
uid 50 flows through annular gap 54 (in electrical com- 
munication with the return electrode) and is discharged 

*5 through the distal end of gap 54. The liquid 50 is then 
directed around support member 78 to electrode termi- 
nals 58 to provide the current pathway between the elec- 
trode terminals and return electrode 56. Since return 
electrode 56 is proximally recessed with respect to elec- 

20 trode surface 82, contact between the return electrode 
56 and surrounding tissue is minimized. In addition, the 
distance L1 between the active electrode terminals 58 
and the return electrode 56 reduces the risk of current 
shorting therebetween. 

25 [0054] The present invention is not limited to an elec- 
- trode array disposed on a relatively planar surface atthe 
distal tip of probe 10, as described above. 
[0055] Other modifications and variations can be 
made. For example, shaft 13 of probe 10 may have a 

30 variety of configurations other than the generally linear 
shape shown in Figs. 1-8. For example, shaft 13 may 
have a distal portion that is angled, in the range of 10° 
to 30° (Fig. 10) or 90° (Figs. 11 and 6), to improve ac- 
cess to the operative site of the tissue 52 being ablated 

35 or cut (see Fig. 10). A shaft having a 90° bend angle 
may be particular useful for accessing gingiva located 
in the back portion of the patient's mouth and a shaft 
having a 10° to 30° bend angle may be useful for ac- 
cessing gingiva near or in the front of the patient's 

40 mouth. 



Claims 

45 1. An electrosurgical system (11) for use with a high 
frequency power supply (28) and an electrically 
conducting fluid supply for applying electrical ener- 
gy to a target site, the system comprising: 

so an electrosurgical probe (10) comprising a 

shaft (13) having a proximal end and a distal 
end, an active electrode (12) disposed near the 
distal end, and a connector (19) near the prox- 
imal end of the shaft for electrically coupling the 

55 active electrode to the electrosurgical power 

supply; 

a return electrode (55,56) adapted to be elec- 
trically coupled to the electrosurgical power 
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supply; 

the shaft or the return electrode defining a fluid 
path in electrical contact with the return elec- 
trode, the fluid path having an inlet for receiving 
electrically conductive fluid to generate a cur- 
rent flow path from the action electrode through 
a body structure in the region of the target site 
and to the return electrode; 

characterised in that the return electrode is 
disposed within an insulating jacket to prevent di- 
rect electrical contact between the return electrode 
and surrounding tissue at the target site. 

2. An electrosurgical system as in Claim 1 wherein the 
return electrode (56) is mounted on the shaft of the 
electrosurgical probe. 

3. An electrosurgical system as in Claim 2 wherein the 
return electrode is an inner tubular; member (55) 
and the fluid path comprises an axial lumen (57) 
within the return electrode, the axial lumen forming 
at least a portion of the fluid path, the inlet being in 
communication with an electrically conducting fluid 
supply and having an outlet in fluid communication 
with the active electrode. 

4. An electrosurgical system as in Claim 2 wherein the 
return electrode is an outer tubular member (56), 
the shaft further comprising an insulating member, 
wherein the fluid path comprises an axial passage 
between the insulating member and the return elec- 
trode, the axial passage forming at least a portion 
of the fluid path, the inlet being in fluid communica- 
tion with an electrically conducting fluid supply and 
having an outlet in fluid and electrical communica- 
tion with the active electrode. 

5. An electrosurgical system as in Claim 1 further in- 
cluding a fluid supply instrument (64) separate from 
the electrosurgical probe, the return electrode (55) 
forming a portion of the fluid supply instrument. 

6. An electrosurgical system as in Claim 5 wherein the 
return electrode is a tubular member (55) defining 
an axial lumen therein (83), the axial lumen being 
electrically connected to the tubular member and 
having an inlet in communication with the fluid sup- 
ply and an outlet for discharging the electrically con- 
ducting fluid (50) towards the active electrode. 

7. An electrosurgical system as in any preceding claim 
wherein the active electrode comprises an elec- 
trode array disposed near the distal end of the shaft, 
the array including a plurality of electrically isolated 
electrode terminals (58) disposed over a contact 
surface. 
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8. The electrosurgical system as in claim 7 having at 
least two electrode terminals. 

9. The electrosurgical system of Claim 7 or 8 further 
5 comprising a plurality of current limiting elements 

for controlling current flow independently through 
each electrode terminal. 

10. The electrosurgical system of any of Claims 7 to 9 
10 further comprising an insulating matrix (48) sur- 
rounding and supporting the electrode terminals to 
electrically isolate a proximal portion of the elec- 
trode terminals from the electrically conducting flu- 
id, the insulating matrix comprising an inorganic 

15 material. 

1 1 . The electrosurgical system of Claim 1 0 wherein the 
inorganic material is selected from the group con- 
sisting essentially of ceramic and glass. 

20 

12. The electrosurgical system of any preceding claim, 
wherein the electrically conducting fluid comprises 
saline. 

25 13. The electrosurgical system of any preceding claim 
further comprising a temperature sensor adjacent 
the active electrode, and means for controlling the 
applied current in response to temperature sensed. 

30 14. The system of any of Claims 1 , 2, 3, 4, 7 to 13 
wherein the return electrode is disposed proximaify 
of the active electrode on the electrosurgical probe. 

15. An electrosurgical system according to any preced- 
es ing claim including a lumen (57) for directing fluid 

towards the active electrode before contacting the 
return electrode. 

16. An electrosurgical system according to any preced- 
40 ing claim including said high frequency power sup- 
ply having an operating frequency of about 50 to 
2000 kHz. 

1 7. The system of Claim 1 6 wherein the high frequency 
45 power supply has an operating frequency of less 

than about 400 kHz. 



Pate ntansp ruche 

50 

1 . Elektrochirurgisches System (1 1 ) zur Verwendung 
mit bzw. bei einer Hochfrequenz-Energie- bzw. Lei- 
stungszuf uhr (28) und einer Zufuhr fur ein elektrisch 
ieitfahiges Fluid bzw. Flussigkeit zum Anlegen bzw. 
55 Anwenden einer elektrischen Energie an einer Ziel- 
stelle, wobei das System aufweist: 

eine elektrochirurgische Sonde (10) mit einem 
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Schaft (13) mit einem proximalen Ende und ei- 
nem distalen Ende, einer aktiven Elektrode 
(12), welche nahe dem distalen Ende angeord- 
net 1st, und einem Konnektor bzw. Verbin- 
dungselement (1 9) nahe dem proximalen Ende 5 
des Schaftes zum elektrischen Koppein bzw. 
Verbinden der aktiven Elektrode mit der elek- 
trochirurgischen Energie- bzw. Leistungszu- 
fuhr; 

eine Ruckflusselektrode (55, 56), welche ge- 10 
eignet bzw. ausgelegt ist, dass sie elektrisch 
mit der elektrochirurgischen Energie- bzw. Lei- 
stungszufuhr gekoppelt bzw. verbunden wer- 
den kann; 

wobei der Schaft oder die Ruckflusselektrode . is 
einen FlieB- bzw. Fluid-Weg definieren in elek- 
trische Kontakt mit der Ruckflusselektrode, wo- 
bei der FlieB- bzw. Fluid-Weg einen Einlass 
aufweist zum Aufnehmen des elektrisch leitfa- 
higen Fluids, urn einen Stromflussweg zu er- 20 
zeugen von der aktiven Elektrode durch eine 
Korperstruktur in dem Bereich der Zielstelle 
und zu der Ruckflusselektrode; 

dadurch gekennzeichnet, dass die Ruck- 25 
flusselektrode innerhalbeines isolierenden Mantels 
bzw. Umhullung angeordnet ist, um einen direkten 
elektrischen Kontakt zwischen der Ruckflusselek- 
trode und dem umgebenden Gewebe bei der Ziel- 
stelle zu verhindem. 

Elektrochirurgisches System nach Anspruch 1 , wo- 
bei die Ruckflusselektrode (56) auf dem Schaft der 
elektrochirurgischen Sonde befestigt bzw. ange- 
ordnet ist. 35 

Elektrochirurgisches System nach Anspruch 2, wo- 
bei die Ruckflusselektrode ein inneres rohrenformi- 
ges Element (55) ist und der Fluid- bzw. FlieB-Weg 
einen axialen Hohlraum bzw. Lumen (57) innerhalb *o 
der Ruckflusselektrode aufweist, wobei der axiale 
Hohlraum bzw. Lumen mindestens einen Teil des 
Fluid- bzw. FlieB-Weges ausbildet und der Einlass 
in Kommunikation bzw. Verbindung steht mit einer 
Zufuhr fiir das elektrisch lertfahige Fluid und wobei *s 
der axiale Hohlraum bzw. Lumen einen Auslass hat, 
welcher in fluider bzw, flieBender Kommunikation 
bzw. Verbindung steht mit der aktiven Elektrode. 

Elektrochirurgisches System nach Anspruch 2, wo- so 
bei die Ruckflusselektrode ein auBeres rohrenfor- 
miges Element (56) ist, wobei der Schaft welter ein 
isolierendes Element aufweist, wobei der Fluid- 
bzw. FlieB-Weg einen axialen Durchgang aufweist 
zwischen dem isolierenden Element und der Ruck- ss 
flusselektrode, der axiale Durchlass bzw. Durch- 
gang bildet mindestens einen Teil des Fluid- bzw. 
FlieB-Weges aus, der Einlass steht in fluider bzw. 



flieBender Kommunikation bzw. Verbindung mit ei- 
ner Zufuhr fur das elektrisch leitende bzw. lertfahige 
Fluid und mit einem Auslass in fluider bzw. flieBen- 
der und elektrischer Kommunikation bzw. Verbin- 
dung mit der aktiven Elektrode. 

5. Elektrochirurgisches System nach Anspruch 1 , wei- 
ter umfassend ein Instrument zum Zufuhren des 
Flutdes (64), welches von der elektrochirurgischen 
Sonde getrennt ist, wobei die Ruckflusselektrode 
(55) einen Teii des Instruments zum Zufuhren des 
Flutdes bildet. 

6. Elektrochirurgisches System nach Anspruch 5, wo- 
bei die Ruckflusselektrode ein rohrenformiges Ele- 
ment (55) ist, welches einen axialen Hohlraum bzw. 
Lumen (83) darin definiert, wobei der axiale Hohl- 
raum bzw. Lumen elektrisch mit dem rohrenformi- 
gen Element verbunden ist und einen Einlass auf- 
weist, welcher in Kommunikation bzw. Verbindung 
mit der Zuf uhrfur das Fluid steht und einen Auslass 
zum Abgeben bzw. Entladen des elektrisch leitfahi- 
gen Fluids (50) in Richtung auf die aktive Elektrode 
aufweist. 

7. Elektrochirurgisches System nach einem der vor- 
hergehenden Anspruche, wobei die aktive Elektro- 
de ein Elektrodenfeld aufweist, welches nahe dem 
distalen Ende des Schaftes angeordnet ist, wobei 
das Feld eine Mehrzahl von elektrisch isolierten 
bzw. getrennten Elektrodenanschlussen (58) auf- 
weist, welche uber einer Kontaktoberflache verteilt 
bzw. angeordnet sind. 

8. Elektrochirurgisches System nach Anspruch 7 mit 
mindestens zwei Elektrodenanschlussen. 

9. Elektrochirurgisches System nach Anspruch 7 oder 
8, welter aufweisend eine Mehrzahl von strombe- 
grenzenden Elementen zum unabhangigen Regeln 
bzw. Steuern des Stromflusses durch jeden Elek- 
trodenanschluss. 

10. Elektrochirurgisches System nach einem der An- 
spruche 7 bis 9, welter aufweisend eine isolierende 
Matrix (48), welche die Efektrodenanschlusse um- 
gibt und tragt bzw. stiitzt, um elektrisch einen pro- 
ximalen Teil der Elektrodenanschlusse von dem 
eiekthsche leitfahigen Fluid zu trennen bzw. zu iso- 
lieren, wobei die isolierende Matrix ein anorgani- 
sches Material aufweist. 

11. Elektrochirurgisches System nach Anspruch 10, 
wobei das anorganische Material ausgewahlt wird 
aus einer Gruppe, welche im Wesentlichen besteht 
aus Keramlk und Glas. 

12. Elektrochirurgisches System nach einem der vor- 
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hergehenden Anspruche, wobei das elektrisch leit- 
ffihige Fluid eine Salzlosung bzw. Saline aufweist. 

13. Elektrochirurgisches System nach einem der vor- 
hergehenden Anspruche, weiter aufweisend einen 
Temperatursensorangrenzend an bzw. benachbart 
zu deraktiven Elektrode, und eine Vorrichtung zum 
Regeln bzw. Steuern des angelegten Stroms in Ab- 
hangigkeit von der gemessenen bzw. erfassten 
Temperatur. 

14. System nach einem der Anspruche 1 , 2, 3, 4, 7 bis 
1 3, wobei die Ruckfiusselektrode proximal von bzw. 
bezuglich der aktiven Elektrode auf der elektrochir- 
urgischen Sonde angeordnet ist. 

15. Elektrochirurgisches System nach einem der vor- 
hergebenden Anspruche umfassend einen Hohl- 
raum bzw. Lumen (57) zum Richten bzw. Leiten des 
Fluides in Richtung auf die aktive Elektrode, bevor 
es die Ruckfiusselektrode kontaktiert. 

16. Elektrochirurgisches System nach einem der vor- 
hergehenden Anspruche, umfassend die Hochfre- 
quenz-Energie- bzw. Leistungszufuhr, wobei die 
Hochfrequenz-Energie- bzw. Leistungszufuhr eine 
Betriebsfrequenz von ungefahr 50 bis 2000 kHz 
aufweist. 

17. System nach Anspruch 16, wobei die Hochfre- 
quenz-Energie- bzw. Leistungszufuhr eine Be- 
triebsfrequenz von weniger als ungefahr 400 kHz 
aufweist. 



Revendi cat Ions 

1. Systeme electrochirurgical (11) destine a I'utilisa- 
tion avec une alimentation en puissance electrique 
haute frequence (28) et une amenee de fluide elec- 
triquement conducteur pour ^application d'une 
energie electrique sur un site cible, le systeme 
comprenant : 

une sonda eiectrochirurgicale (1 0) comprenant 
un arbre (13) ayant une extremite proximale et 
une extremite distale, une electrode active (1 2) 
disposee a proximite de I'extremite distate, et 
un connecteur (19) a proximite de I'extremite 
distale de I'arbre pour accoupler electrique- 
ment I'electrode active a I'alimentation de la 
puissance electrochirugicale; 

une electrode de retour (55,56) apte a etre ac- 
couplee electriquement a I'alimentation de la 
puissance eiectrochirurgicale; 

I'arbre ou I'electrode de retour dSfinissant une 
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voie de fluide en contact electrique avec I'elec- 
trode de retour, la voie de fluide ayant une en- 
tree pour recevoir le fluide electriquement con- 
ducteur pour generer une voie de passage de 
courant depuis I'electrode active a travers une 
structure de corps dans ia region du site cible 
et vers I'electrode de retour; 

caracterlse en ce que I'electrode de retour est dis- 
posee a I'interieur d'une douille isolante pour em- 
pecher le contact electrique direct entre I'electrode 
de retour et le tissu avoisinant au niveau du site ci- 
ble. 

Systeme electrochirurgicalseion la revendication 1 , 
dans lequel I'electrode de retour (56) est montee sur 
i'arbre de la sonde eiectrochirurgicale. 

Systeme electrochirurgical selon la revendication 2, 
dans lequel I'electrode de retour est un element tu- 
butaire interieur (55) et la voie de fluide comprend 
une lumiere axiale (57) a Pinterieur de I'electrode de 
retour, la lumiere axiale formant au moins une por- 
tion de la voie de fluide, Tentree etant en communi- 
cation avec une amenee de fluide conducteur elec- 
triquement, et ayant une sortie en communication 
de fluide avec I'electrode active. 

Systeme electrochirurgical selon la revendicatlion 
2, dans lequel I'electrode de retour est un element 
tubulaire exterieur (56), I'arbre comprenant de plus 
un element isolant, dans lequel la voie de fluide 
comprend un passage axial entre ('element isolant 
et i'electrode de retour, le passage axial formant au 
moins une portion de la voie de fluide, Pentree eiant 
en communication de fluide avec une amende de 
fluide conducteur Electriquement et ayant une sor- 
tie en communication de fluide et en communication 
electrique avec I'electrode active. 

Systeme electrochirurgical selon ia revendication 1 , 
comprenant da plus un instrument d'amen6e de flui- 
de (64) separe de la sonde eiectrochirurgicale, 
I'electrode de retour (55) formant une portion de 
1'instrument d'amenee de fluide. 

Systeme electrochirurgical, selon la revendication 
5, dans lequel I'electrode de retour est un element 
tubulaire (55) definissant une lumiere axiale (63) 
dans ceile-ci, la lumiere axiale etant connectee 
electriquement a I'element tubulaire et ayant une 
entree en communication avec I*amen6e de fluide 
et une sortie pour decharger le fluide conducteur 
electriquement (50) vers l'6lectrqde active. 

Systeme electrochirurgical selon Pune quelconque 
des revendications prec£dentes, dans lequel I'elec- 
trode active comprend un ensemble electrode dis- 
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pos6 & proximite de rextr&nite distale de I'arbre, rieure & environ 400 kHz. 

I'ensemble comprenant une plurality de bornes 
d'6!ectrode isolees eiectriquement (58) disposees 
sur une surface de contact. 

5 

8. Systfcme eiectrochirurgical selon la revendication 7, 
ayant au moins deux bornes d'eiectrode. 

i 

9. Syst&me eiectrochirurgical selon la revendication 7 

ou 8 comprenant de plus une plurality d'6l6ments 10 
limiteurs de courant pour r6guler le flux de courant 
independamment k travers chaque borne d'eiectro- 
de. 

10. Systeme eiectrochirurgical selon Tune quelconque '5 
des revendications 7 h 9, comprenant de plus une 
matrice isolante (48) entourant et supportant les 
bornes d'eiectrode pour isoler eiectriquement une 
portion proximale des bornes d'eiectrode du fluide 
conducteur, la matrice isolante comprenant une 20 
matfere minerale. 

11. Syst&me eiectrochirurgical selon la revendication 
1 0, dans lequel la matiere minerale est choisie dans 

le groupe consistant essentiellement de cdramique 25 
et de verre. 

12. Systeme eiectrochirurgical selon Tune quelconque 
des revendications pr6c6dentes, dans lequel le flui- 
de eiectriquement conducteur comprend une solu- 30 
tion saline. 

13. Systeme eiectrochirurgical selon Tune quelconque 
des revendications precSdentes, comprenant de 
plus un capteurde temperature contigu k reiectrode 35 
active et des moyens pour commander le courant 
appliqu^ en r6ponse k la temperature captee. 

14. Systeme selon I'une quelconque des revendica- 
tions 1 ,2,3,4,7 et 13, dans lequel reiectrode de re- 40 
tour est dispos£e de facon proximale k reiectrode 
active sur la sonde eiectrochirugicale. 

15. Systeme eiectrochirurgical selon Tune quelconque 
des revendications pr6c6dentes, comprenant une 45 
lumfere (57) pour dinger le fluide vers reiectrode ac- 
tive avant la mise en contact avec reiectrode de re- 
tour. 

16. Systeme eiectrochirurgical selon I'une quelconque so 
des revendications pr6c6dentes, comprenant ladite 
alimentation en puissance eiectrique haute fre- 
quence avec une frequence de fonctionnement 
d'environ 50 k 2000 kHz. 
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17. Systeme selon la revendication 1 6, dans lequel I'ali- 
mentation en puissance eiectrique haute frequence 
pr6sante une frequence de fonctionnement infe- 
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FIG. 8 
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FIG. 9 
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